In this study the molecular geometries, experimental vibrational and electronic absorption spectra and quantum chemical calculations of free dimethyl phenylphosphonite, (C8H11PO2), (with synonym, dimethoxyphenylphosphine or phenyldimethoxyphosphine) (Abbreviated as DMPP) and its [Cd(DMPP)].Cl2.H2O metal halide complex have been investigated by using elemental analysis, FT-IR, micro-Raman and UV-vis spectroscopies. The conformational analysis of free DMPP, the structures, vibrational wavenumbers and HOMO-LUMO and MEP analyses of the mentioned compounds have been computed by using DFT/B3LYP calculation method with 6-311++G(d,p) basis set for free DMMP molecule and DFT/B3LYP and DFT/M06-L methods with LanL2DZ basis set for [Cd(DMPP)].Cl2.H2O metal halide complex, in the ground state. The comparison of the observed fundamental vibrational frequencies with calculated results indicates that DFT/M06-L method is superior to the scaled DFT/B3LYP approach for the vibrational modes related to the metal atom of [Cd(DMPP)].Cl2.H2O metal halide complex.
INTRODUCTION
In the past, the hypodermic solution of sodium dimethyl phenylphosphonite (DMPP) and its methiodide derivative have been studied by Ruggieri in a medicinal research [1] . Later, some organic phosphorous compounds containing phosphonite and its derivatives were introduced to the chemical industry [2, 3] with various metals have attracted a great interest in chemistry field. In this framework, IR and 1 H NMR spectra of the Cr, Mo and W metal complexes of DMPP have been presented by Jenkins et al. [4] . Likewise the syntheses and 1 H NMR spectra of the copper, silver and gold metal complexes including dimethyl phenylphosphonite have been investigated by Couch and Robinson [5] . Also, the synthesis and NMR investigation of the ruthenium complex of DMPP have been studied by Sime and Stephenson [6] . Likewise, the methyl methylphosphinate complexes of the first-row transition metals were synthesized and investigated using IR and UV spectroscopies by Mikulski et al. [7] . Furthermore, the various compounds containing the derivatives of dimethyl phenylphosphonite have been investigated as a ligand in some metal halide complexes [8] [9] [10] [11] [12] . Very recently, anomalous reaction of ethylbromofluoro and difluoro acetates with dialkylphosphonites has been reported by Durst et al. [13] . Meanwhile, the crystallographic structures of Pd(II) and Pt(II) metal halides of dimethyl phenylphosphonite have been verified by Slawin et al. [14, 15] .
To our best knowledge, there are no any further studies on both free and ligand dimethyl phenylphosphonite molecule in the title compound by using DFT calculation method, FT-IR, microRaman and UV-vis. spectroscopies in the literature. At the present work, our aim is to report the results of the observed FT-IR, micro-Raman and electronic absorption spectra and calculated vibrational frequency values of free and ligand DMPP molecule in the [Cd(DMPP)].Cl 2 .H 2 O complex at DFT/B3LYP with 6-311++G(d,p) and DFT/ B3LYP and M06-L methods with LanL2DZ basis set, respectively.
EXPERİMENTAL METHODS

Materials and Sample Preparation
Dimethyl phenylphosphonite (97%, Sigma-Aldrich) and CdCl 2 (99%, Fluka) used in this work were obtained from commercial sources and were used without any purification. First, 1 mmol of DMPP was added to 1 mmol of CdCl 2 dissolved in 5 ml of water. After the mixture was stirring during 24h, the obtained precipitate was filtered, washed twice with ethylalcohol and dried at room temperature.
Experimental Techniques and Elemental Analysis
IR spectra of dimethyl phenylphosphonite and its metal halide complex were recorded at room temperature on a Perkin Elmer Spectrum One FT-IR (Fourier Transform Infrared) Spectrometer with a resolution of 4 cm -1 in the transmission mode. The sample was prepared by dropping title liquid onto the KBr pellet and introduced into an IR cell equipped with KBr window. On the other hand, the microRaman (Ra) spectra of the mentioned compounds were recorded by using a Jasco NRS-3100 microRaman Spectrophotometer (1800 lines/mm grating and high sensitivity cooled CCD) at room temperature in the region 100-4000 cm -1 . The spectrometer was calibrated with the silicon phonon mode at 520 cm -1 and microscope objective 100x was used. The 785 nm lines of diode laser was used for excitation. The exposure time was taken as 15 s and 10 scans were accumulated. The ultraviolet visible spectrum of the title compounds were recorded by using a PG Instrument T80+ Ultraviolet Spectrophotometer at room temperature. The ultraviolet visible spectrum of the mentioned compound solved in dimethylformamide were recorded with a spectral bandwidth of 2 nm in a quartz cell 1cm path length. 
COMPUTATIONAL DETAILS
In this study, all calculations were carried out with the Gaussian 09 program and GaussView 5 molecular visualization program [16, 17] .
The molecular structure and vibrational computations of dimethyl phenylphosphine molecule was calculated by using Becke-3-Lee Yang Parr (B3LYP) [18, 19] density functional theory method with 6-311++G(d,p) basis set in ground state. The positive values of all calculated vibrational wavenumbers show that the optimized molecular structure is stable. However, the wavenumber values computed at these levels contain the well-known systematic errors [20] . In order to prevent the well-known systemetic errors the computed vibrational wavenumbers were scaled as 0.983 for frequencies less than 1700 cm -1 and 0.958 for frequencies higher than 1700 cm -1 at B3LYP/6-311++G(d,p) basis set [21, 22] . The molecular structures and vibrational calculations of the [Cd(DMPP)].Cl 2 .H 2 O metal halide complex were computed using two different methods which are the standard B3LYP and M06-L local functional of the density functional theory by comparing their performance for application in complexes including transition metals [23, 24] . For the LanL2DZ basis set used in the mentioned calculation methods the scaling factor was taken as 0.9612 [25] . The assignments of fundamental vibrational modes of the title molecules were performed on the basis of total energy distribution (TED) analysis by using VEDA 4 program [26] . and k are well-known universal constants and f is the suitably chosen common scaling factor for all the peak intensities [27, 28] .
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RESULTS AND DİSCUSSİON
Molecular Structures and Vibrational Frequencies
The optimized molecular structure obtained at the B3LYP/6-311++G(d,p) level of free dimethyl phenylphosphonite molecule and at the B3LYP/ and M06-L/LanL2DZ levels of its metal Cd(II) halide complex are given in Figure 1 (a) and (b), respectively. Table S1 (Supporting Information) shows only the calculated geometric parameters of the mentioned compounds since dimethyl phenylphosphonite molecule is liquid and the crystallographic structures of the mentioned metal complex is not available in the literature. By considering Table S1 , for free DMPP molecule the P1-C2 bond length between the phenyl ring and dimethoxyphosphine group was found as 1.851 Å while the P1-O10 and P1-O11 bond lengths in dimethoxyphosphine group were calculated as 1.659 Å and 1.673 Å, respectively, at the B3LYP/6-311++G(d,p) level. Similarly the C-C and C-H bond length values in phenyl ring were found at the interval 1.393-1.402 Å and 1.083-1.086 Å, respectively, while the C-H bond length values in methyl groups are calculated at the interval 1.090-1.095 Å. Furthermore the C8-O10 and C9-O11 bond lengths in methoxyphosphine group were found as 1.436 Å and 1.432 Å. Likewise, the calculated bond angles and some selected dihedral angles of free DMPP molecule at the B3LYP/6-311++G(d,p) level are presented in Table S1 .
However the eventual presence of different conformations of free DMPP molecule should be considered. In this framework the potential energy surfaces (PES) scan was carried out around the C2-P1 axis by changing of the O10-P1-C2-C3 torsion angle at 10° steps from 0° to 360°. Table S1 . Therefore by considering Figure 1 (b) and Table  S1 the Cd-P bond length was calculated as 2.850 Å and 3.515 Ǻ at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively. For the P atom coordinated to the cadmium metal, the P-C2, P-O10 and P-O11 bond lengths were computed as 1.865-1.866 Ǻ, 1.735-1831 Ǻ and 1.735-1764 Ǻ at the mentioned levels, respectively. Likewise, the Cd-Cl24 and Cd-Cl25 bond lengths were found as 2.446-2.509 Ǻ and 2.495-2.427 Ǻ at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively. At the same time, the calculated O10-Cd23 and O11-Cd23 bond lengths in the mentioned complex were found as 3.592 and O complex at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively. It is clear that there are some discrepancies in the calculated molecular geometric parameter values of the mentioned metal halide complex at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively and a comparison cannot be verified between the results calculated at two different levels due to the lack of experimental data.
The experimental and simulated at the B3LYP76-311++G(d,p) level IR and micro-Raman spectra of free DMPP are given in Figure 3 By considering the states such as negligence of anharmonicity, electron correlation and basis set deficiencies it should be noted that the calculated harmonic vibrational wavenumbers, which were performed in gaseous phase for isolated molecule while the experimental measurements were taken in solid phase of the title molecule, become higher than the observed wavenumbers [20, 21] . That is why, the calculated wavenumbers were scaled by scaling factor to compare with observed wavenumbers and at the present work, the scaling factors are taken as 0.983 for frequencies less than 1700 cm -1 and 0.958 for frequencies higher than 1700 cm -1 at the B3LYP/6-311++G(d,p) level for free DMPP molecule.
From Table S2 and Figures 3 mode [7] . For the vibrational frequency calculations of [Cd(DMPP)].Cl 2 H 2 O metal halide complex at B3LYP/LanL2DZ and M06-L/LanL2DZ levels, the scaling factor was taking as 0.9612 [25] . In this framework by considering Figures 5 (a) and 6 (a) , the strong IR band at 2400 cm can be assigned to the (P-H) stretching mode in the metal complex [31, 32] . The origin of these mentioned bands can be based on the increase in positive charge on phosphorus due to loss in P-O -bonding and therefore the characteristically P-H stretching band is observed since the phosphorus is protonating in the formed complex [33] . Likewise by considering Table S3 and Figures 5 and 6 , the band assigned to the (Cd-P) stretching vibration was not observed in the vibrational spectra of the mentioned metal halide complex, but the calculated value for this band was found as 90.11/ and 120.18 cm -1 at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively. However the (HOCdP) torsion bands are observed at 283 cm -1 with very weak intensity and at 162 cm -1 with the weak intensity in the microRaman spectrum of the mentioned complex and their calculated values were found as 260.93/and 283.98 cm -1 and 130.14/and 189.16 cm -1 at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels, respectively. Furthermore, the (ClCdO) bending mode is observed at 146 cm -1 with the weak intensity in microRaman spectrum of the mentioned complex and its calculated values was found as 110.36 and 146.14 cm -1 at the B3LYP/ LanL2DZ and M06-L/LanL2DZ levels, respectively. Likewise, the observed micro-Raman ν(Cd-P) stretching bands can be assigned to the weak band at 342 cm -1 and the peak at 256 cm -1 with very weak intensity [34] and the calculated values for these bands were found as 318.10 and 333.73 cm -1 and 245.77and 251.87 cm -1 as seen in Figure 6 (a) and Table S3 . By considering the observed results for the vibrational bands including Cd metal atom, a comparison between the calculated values using two different methods exhibits that the M06-L calculation method of the density functional theory gives better results than B3LYP method for the vibrational modes related to the Cd atom. [7] . On the other hand the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) which are the main orbital taking part in chemical reactions of the molecules are called as the frontier molecule orbitals (FMOs) [35] . Therefore, the HOMO implies the outermost orbital filled by electrons and is directly related to the ionization potential and behaves as an electron donor while the LUMO can be thought as the first empty innermost orbital unfilled by electron and is directly related to the electron affinity and behaves as an electron acceptor. The energy gap formed between the HOMO-LUMO indicates the molecular chemical stability [35] [36] . The energy gap between the HOMO-LUMO is a critical parameter to determine molecular electrical transport properties. The frontier molecular orbitals (FMOs) were calculated at the B3LYP/6-311++G(d,p) for free DMPP molecule and at the B3LYP/LanL2DZ and M06-L/LanL2DZ levels for [Cd(DMPP)].Cl 2 H 2 O metal halide complex and the 3D plots and energy values of the HOMO-LUMO are given in Figure 7 (a), (b) and (c), respectively.
Molecular Electrostatic Potential (MEP)
The molecular electrostatic potential (MEP) which is related to total change distribution of the molecule provides the correlations between the molecular properties such as dipole moments, partial charges, chemical reactivity and electronegativity of molecules [37] [38] . The molecular electrostatic potential is the potential energy of a proton at a particular location near a molecule. That is, the Molecular Electrostatic Potential (MEP), V(r), at a given point r(x,y,z) in the around of molecule, is defined as the interaction energy between the charge distribution of a molecule and a unit positive test charge, The negative sites on the MEP surface of free DMPP molecule given in Figure 8 (a) are localized on the P and O atoms. Thus the coordination is expected to be formed in the electrophilic reactive sites on the mentioned atoms in the metal halide complex. Therefore, as seen in Table S1 , since the calculated Cd-O10 bond length at the M06-L/LanL2DZ level was found shorter than the calculated Cd-P bond length the coordination is verified between O10 atom and Cd metal atom in the [Cd(C 8 
CONCLUSION
In the present study, we report the results of elemental analysis, experimental vibrational and electronic absorption spectra of title compounds as well as their molecular geometries and the calculated vibrational spectral results at the B3LYP/6-311++G(d,p) level for free DMPP molecule and the B3LYP/LanL2DZ and M06-L/LanL2DZ levels of theory for [Cd(C 8 H 11 PO 2 )].Cl 2 .H 2 O metal halide complex. On the basis of the calculated and experimental results, the assignments of fundamental frequencies were investigated and the available experimental results were compared with the computed data. The calculations of vibrational frequencies and molecular electrostatic potentials on free and ligand DMPP enable us to predict the coordination between the one oxygen atom of methoxy groups of ligand DMPP molecule and the Cd(II) metal atom for tetrahedral [Cd(C 8 H 11 PO 2 )].Cl 2 .H 2 O complex.
